The scientific literature regarding the effects of sound on the term infant is difficult to summarize and to evaluate. First, the hearing of term newborns and its development are not entirely understood. Although it is clear that hearing in general is well developed at birth, the details of newborns' discrimination and perception are not known. Second, there is no coherent theoretical structure connecting this body of literature; most of the studies are isolated phenomenological reports. The fragmented theoretical and methodological nature of the field generates a sense of dissatisfaction with the questions asked and the methods used to answer them. Third, and more seriously, there are pockets of truly poor research with some studies no more than conjecture and failing to pass even a basic check list of proper subject selection, study design, or data analysis. Finally, the results, if they can be called that, of some of the poorest studies have made their way into popular clinical thinking and successful economic enterprise. In this form they appear to have a life of their own and thereby demand review solely because of their persistence in clinical practice.
NEED FOR EVALUATING THE RESEARCH
The scientific literature regarding the effects of sound on the term infant is difficult to summarize and to evaluate. First, the hearing of term newborns and its development are not entirely understood. Although it is clear that hearing in general is well developed at birth, the details of newborns' discrimination and perception are not known. Second, there is no coherent theoretical structure connecting this body of literature; most of the studies are isolated phenomenological reports. The fragmented theoretical and methodological nature of the field generates a sense of dissatisfaction with the questions asked and the methods used to answer them. Third, and more seriously, there are pockets of truly poor research with some studies no more than conjecture and failing to pass even a basic check list of proper subject selection, study design, or data analysis. Finally, the results, if they can be called that, of some of the poorest studies have made their way into popular clinical thinking and successful economic enterprise. In this form they appear to have a life of their own and thereby demand review solely because of their persistence in clinical practice.
We therefore offer clinicians interested in exposing infants to sound a guide to evaluating the research. This guide or checklist is followed by a sample analysis of a representative study. Clinicians are urged to read and to critically evaluate the studies that produced interventions used in practice and to reassess the exposure of infants to planned and unplanned auditory stimulation.
RESEARCH EVALUATION CHECKLIST
The following questions will help the consumer of research to evaluate a study's validity and reliability. Validity refers to the match between reality or truth (as an omniscient power would know it to be) and the findings of the study; the more valid a study, the more real or true or without doubt are its results. 1 Reliability refers to the extent to which repeated trials of the same experiment yield the same results; the more reliable a study, the more exactly it replicates. Any investigator has many opportunities to wittingly or accidentally influence a study's results, thereby making it less valid and reliable. Over time, therefore, scientists have adopted safeguards or rules to protect the integrity of science and the welfare of patients. These safeguards are reflected in the questions below, adapted from the checklist by Reisch et al. 2 and a guide by Dans et al. 3 This is not an exhaustive list but indicates the kinds of questions that responsible clinicians need to ask before adopting an intervention.``No'' answers indicate a deviation from usual scientific controls. If the author does not give enough information to answer a question, it is safer to assume the answer is no. Many no answers indicate a poor (invalid or unreliable) study. Conversely, many``Yes'' answers indicate a study that is well done and likely to yield valid and reliable results. Following such an analysis, the clinician must still use judgement and experience in evaluating the consequences of implementing study results in the care of individual infants.
1. Purpose of the study. Is the purpose of the study stated clearly? Do the treatments or tests and the outcome variables follow logically from the purpose? Are the sources of support specified?
2. Experimental design. Was data collection planned before subjects received the treatment? Is the rationale for choosing subjects clear, logical, and related to the outcome measures? Are there Studies of the effects of sound on newborns can provide good information of use in clinical practice even though most were not designed for that purpose. Unfortunately, however, some poor -quality research has yielded unfounded yet clinically popular results. The clinician, therefore, must be careful in assessing the validity and reliability of research as well as the applicability of its findings to the care of individual patients. This article offers a checklist for evaluating research using auditory stimuli with newborns. Caveats concerning the newborn's gestational age and behavior
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safeguards against carry-over effects between one part of the study and another? 3. Sample-size determination. Is it clear how the sample size was determined (e.g., power analysis, specified time frame)? Is it demonstrated that there are enough subjects to detect an appropriate magnitude of good or ill effects of the treatment?
4. Description and suitability of subjects. Does the text give details regarding the age (at birth and at testing), race, sex, and medical history (e.g., diseases, acuity of illness in first 24 hours after birth, days of mechanical ventilation, days on oxygen, days on parenteral feeding). Are the subjects in the study similar to infants who will receive the treatment or test in clinical practice? Are the details of group composition clear (e.g., mean, median, range, variability)? Are the criteria for excluding subjects stated clearly? Are subjects who refused to participate described?
5. Randomization and stratification. Is the method of selecting subjects clearly stated? Is it possible to evaluate the intervention using randomly selected subjects, concurrently assigned to each treatment or control group? If so, is this design used? If the data are collected prospectively, are subjects stratified by risk factors known to increase variability (e.g., age at birth, degree of illness)? If the data are collected retrospectively, are they analyzed separately for each homogeneously stratified subgroup?
6. Comparison or control groups. Is the method of assigning subjects to groups clearly described? Is there a control group? Are the groups homogeneous and comparable on important variables? Are subjects (whether matched pairs or unmatched) randomly assigned to each condition or group? If subjects are matched, is there a strong rationale for the basis of the match? If subjects serve as their own controls, is the order of treatment and control condition randomized (not simply alternated)? When group assignment is nonrandom, could the subject's medical or developmental status be known before assignment to a group? Are the least random assignment methods avoided (e.g., assignment based on availability or convenience, assignment based on alternation between groups)? 
CAVEATS REGARDING VALIDITY AND RELIABILITY
Imbedded in the checklist above are caveats or warnings about the validity and reliability of applying research stimuli in the clinical setting. A selection of these problems is discussed below.
Effects of Gestational Age on Behavioral Responses
It is very difficult to interpret the results of a study that uses an undifferentiated group of subjects with a broad range of gestational ages. Take, for example, a sample reported only as``preterm infants between 27 and 32 weeks post conceptional age at birth who were 2 weeks old at time of testing.'' The responses of an infant born at 32 weeks and tested at 34 weeks are expected to be very different by virtue of brain development, history of illness, and general autonomic stability than the responses of an infant born at 27 weeks and tested at 29 weeks. A number of studies in the literature include such a wide range of gestational ages across fairly small samples without stratifying the groups or including important details of group composition. These omissions can make it impossible to evaluate whether the results are due to differences in the experimental conditions or to differences within the subject groups.
Relationship Between Behavioral State and Behavioral Responses
Distinct behavioral states begin to develop during fetal life and can be identified reliably in term and preterm infants. 4 ± 7 These include quiet and active sleep states, a quiet awake state, and active awake states. The behavior and responsiveness of the newborn depend on many things including the behavioral state at the time of stimulation.
There are several established systems for defining behavioral state in the newborn. 5,7 ± 9 Each of these requires some training and practice for the observer to be able to reliably identify the separate states and some require formal reliability certification.
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The behavioral states of the preterm infant are particularly difficult to identify reliably because the key behaviors are more diffuse and variable than those in a parallel state in a term newborn. Unfortunately, very few studies after 1980 and almost none before that time consider the influence of behavioral state on the targeted outcome measures or control for this variable by presenting the stimuli when the infant is in several different states. This omission may weaken both validity and reliability markedly.
Movement as an outcome measure. Movement is used as an outcome in many studies of infant responses to sound. As movement is also an aspect of behavioral state one must discriminate between movement as a response to the stimulus and movement as an independent condition of state. 10 For example, in the Brazelton Neonatal Behavioral Assessment Scale (NBAS), body movement such as drawing up the legs can be a clear response to a stimulus when a term newborn is in a deep sleep; observations a few minutes before and after the stimulus reveal only respiratory movement and occasional small startles. 5 By contrast, the same body movement may be an unclear response in a light sleep state or active fussy state because spontaneous movements are common in these states. In addition, a lack of body movement may indicate a response to a stimulus in a quiet alert state because newborns typically stop moving while paying attention. The study design should make it possible to discriminate between behavior as a response to the stimulus and behavior as an independent component of the behavioral state.
Attention as an outcome measure. Data collected while a term infant is in a quiet alert behavioral state may provide sensitive measurements of responses because this state permits focused attention on specific auditory and visual stimuli. 5 Yet the quiet alert state is the most fleeting and difficult state for the newborn to maintain and testing in this state requires skilled handling. The quiet alert state of the preterm newborn typically has a less intense or focused quality, is more brief, and is more easily disrupted than that of the term infant. 7 Handling the preterm infant to sustain attention without stress requires advanced skill. Studies that claim attention as an outcome measure should, therefore, give evidence of the reliability of the examiner in handling the infant and in identifying attentional behavior correctly.
Influence of Habituation on Behavioral Responses
Unidentified habituation may confound studies that rely on decreasing movement as an expected outcome. Habituation is defined as a decreasing response to a repeated stimulus and is a fundamental type of learning common to all animals. 11 The habituation response occurs most easily to mild stimuli but can occur in response to moderately strong stimuli, including some pain stimuli. Strong or noxious stimuli do not elicit habituation.
Once an organism has habituated it no longer pays attention to the stimulus. This is helpful in that attention in an awake state can then focus on specific features of the environment without being distracted by unimportant, repetitive events. Habituation protects sleep states from disruption by recurring background sound.
Response decrement in term and preterm infants. A healthy term newborn in a deep sleep usually habituates quickly to moderately strong stimuli such as a bright flashlight passed in front of the closed eyelids or a small bell rung near the ear. 5 The behavioral response might include general body movement after the first stimulus but less and less movement after each subsequent stimulus so that the fourth stimulus elicits only facial grimacing and faster respiration whereas the sixth stimulus elicits no response at all. An infant born at 32 weeks gestational age, however, would typically habituate less consistently. The same bell stimuli might elicit an initial generalized movement followed by less and less movement after the next several stimuli but a return to greater motor activity and increased respiratory rate after that. 7 Unidentified habituation and behavioral state effects. Many studies of particular sounds (e.g., heartbeats, music, white noise) use less movement or``quieting'' as an outcome measure. Such reduced movement, however, may actually indicate habituation to a sound that was initially arousing. The response decrement typical of general habituation will not be apparent if the initial response is averaged into or excluded from the data (e.g., Irwin et al. 12 ). Therefore, behavioral responses to repeated stimuli should be analyzed for response decrement or compared with a second stimulus similar in frequency, level, temporal characteristics, and so forth to discriminate between the effects of a particular sound and the effects of any repeating sound.
Behavior reported simply as quieting could also indicate that the infant had entered an awake alert or a sleep state, both of which involve very little motor activity. One``quiet'' infant, therefore, may be attending to the stimulus whereas another quiet infant may be habituating to it thus maintaining a sleep state in spite of it. Again, an accurate assessment of behavioral state is important to the validity of a study's findings.
Effect of Stimulus Strength and Duration on Behavioral Responses
Immature organisms may stop responding without habituating or attending if the stimulus is overwhelmingly strong. 13, 14 Additionally, the duration of stimulus presentation may also have effects independent of the stimulus. 10 A stimulus of long duration (e.g., a tape recording played for an hour) may be tolerable for the term infant who habituates to it and essentially ceases paying attention to it. The same stimulus duration may not be tolerable for the preterm who is not able to habituate consistently and, therefore, is more exposed to it than the term infant because he continues to attend to it. Long exposure and continued obligatory responding may then result in fatigue and stress. Studies comparing the effects of sound on term and preterm infants, therefore, need to control for fatigue or stress by including sensitive measures of respiratory pattern, motor tone, and other autonomic indicators as well as measures of behavioral state.
15,16

Appropriateness of Reported Sound Measurements
Measurement parameters. Standard instrumentation and parameters for sound measurement were developed in industry where very loud sound at extreme frequencies can damage hearing structures. Some parameters on a standard sound meter (e.g., C-weighted and linear scales) may be, therefore, inappropriate for measuring sound in a hospital nursery as they misrepresent the sound perceived by humans in this setting. It is possible, for example, to show dramatic changes in sound levels measured on the C-weighted scale with fast response time without actually changing the sound as it would be perceived by humans. The A-weighted scale and slow response time are nearly always the appropriate measurement scale for studies of infant responses to naturally occurring sound, whereas pure tones or single-frequency sounds need no weighting scale and will usually be labeled SPL. Investigators using other measurement scales and response times should explain their choice of measurements. (See Gray 17 for thorough discussions of the physical properties of sound and vibration and Gray and Philbin 18 for appropriate procedures for measuring sound in a clinical setting.)
Location of the microphone during sound measurements. Measurements of sound levels affecting infants should be taken near the ears of the study infants rather than in the center of the room. Measurements in a central location are typical in industry where workers move around or where sound is similar throughout the space, conditions unlike those of a nursery where sound levels vary considerably. Sound stimuli delivered to a particular infant is more appropriately measured at the ear rather than at the speaker as local conditions in a room or incubator can influence the level greatly.
The Ambient Sound Environment
Nursery noise as background for a planned, additional acoustic stimulus. The ambient or background sound level must be reported whether the experiment occurs in a laboratory, a hospital nursery, or a home because the background sound is perceived along with the stimulus. 10 Sound in hospital nurseries and in incubators can be extremely variable. Published measurements of nursery noise place average levels between 50 and 75 dB, A-weighted. 19, 20 Because the decibel scale is nonlinear, a 75 dB-A nursery would be perceived as four to eight times more noisy than a 55 dB-A nursery. 21, 22 Yet many studies do not report the ambient background noise of the area where the experiment took place. In other studies the control condition is identified as a``no sound'' condition when, in fact, it was the unmeasured, ambient sound of a hospital nursery. In some studies it is not clear, therefore, that the stimulus was audible against the background of other sounds or that there was a clear difference between the experimental and control conditions. Some investigators state only that the stimulus was a certain number of decibels higher than the background but do not state the actual level of the signal thus making it impossible to evaluate the reason for the study effects.
CAVEATS REGARDING APPLICATION OF STUDY RESULTS TO CLINICAL PRACTICE Generalizing Studies of Term Infants to the Care of Preterm Infants
There are great differences between term and preterm infants and between preterm infants of different gestational ages at birth in terms of their capacity for tolerating and responding to stimuli. This remains true for many weeks following premature birth and continues after the expected due date. 23, 24 For this reason almost any stimulus needs to be evaluated specifically for its effect on the preterm, regardless of its known effects on the term infant. Similarly, stimuli used successfully with the more mature preterm need to be evaluated separately with respect to their effect on the very low birth weight or physiologically unstable infant.
For example, stimuli that attract the term newborn's attention and bring him or her to an alert state may overwhelm the preterm and elicit attempts to avoid the stimulus or a change in behavioral state. 23 Similarly, a term infant may respond to an ongoing stimulus (e.g., a continuous tape recording of songs) by habituating to them and also attending to the social cues of a caregiver. A preterm, however, may respond to the same tape recording by attending to it sporadically and, thereby, missing the social cues of the caregiver.
Generalizing Laboratory Studies to the Home or Clinical Setting
Clinicians are concerned with the day in and day out effects of nursery or home conditions on infants' behavior, physiology, and long-term development. Laboratory studies may have other purposes such as determining what sounds infants can hear or developing
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Evaluating Studies of Sound and Newborns testing procedures for other research. Some experiments, for example, present a series of stimuli over very brief time periods (e.g., several seconds) and/or change stimuli frequently (e.g., every 2 minutes).
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The results may show that infants slept in response to one stimulus and cried in response to another. 27, 28 The infants' responses to these stimuli a few minutes later may not be addressed in the research because they are irrelevant to its purposes. Parents and clinicians, however, are interested in sleep states of several hours rather than several minutes and must use caution in applying the results of such studies to the home or hospital.
Generalizing Home-Based Studies to the Clinical Setting Many studies of term newborns collect data from the babies' own homes. The results of these studies may be applicable to the care of infants at home but not to infants in hospitals because the two settings are not comparable. In almost any home, an additional sound is probably audible when played at a low volume. The fussy term infant may attend to the special sound (e.g., a music box or tape recording) and thereby quiet from an aroused state. The sound at the same level may not be audible, however, against the noisy background of a hospital nursery, but raising the volume may make the stimulus so strong that even the term infant cannot habituate to it but responds instead with fatigue and fussing.
Determination and Reporting of Side Effects or Untoward Responses
Studies of infant responses to acoustical stimuli typically do not look for behavioral or physiological side effects during or after the experiment. Similarly, very few studies include prolonged use of the stimuli over several weeks or months, the length of many hospitalizations for preterm infants. Such studies leave out important information and, therefore, have very limited application in the clinical setting.
Long-Term Effects of Exposure to Stimuli
Single time experiments cannot provide information about ultimate development. Nevertheless there is almost no information in the literature about the long-term consequences of an experimental stimulation. Recent investigations in the animal literature indicate that out-of-sequence or atypically timed stimulation to one sensory system may interfere with development in another sensory system. 29 ± 31 Any alterations or additions to the biologically expected sensory environment of the infant, therefore, should be considered very carefully because of the lack of information about the effect of such stimulation over time. Investigators recommending programs of additional stimulation would seem to be under an obligation to study the long-term effects of their recommendations.
EXAMPLE OF USING THE CHECKLIST
An Australian study by Hazlewood published in 1977 will illustrate the use of the Research Evaluation Checklist. 28 This article is chosen because it illustrates many of the problems a clinician would face in evaluating a study for possible clinical application of the findings. This study evaluates the effect of a fairly loud, low-frequency tone on crying cessation in hungry, term newborns.
1. Purpose of the study. The purpose of the study is somewhat unclear. The literature review includes a discussion of problems in testing newborn hearing but also theoretical issues underlying newborns' variable behavioral responses to particular types of sounds. It includes several cautionary statements about applying research findings to clinical practice so that the purpose of the study appears not to be related to clinical management or parenting. However, the study investigates the effect of sound on quieting hungry newborns, a topic of interest to clinicians. The test (exposure to a low-frequency tone) and outcome variables (latency to and duration of cessation of spontaneous crying) are well defined and follow from the replication objective. No sources of support, whether grant or other funding, are mentioned but it does not appear that any commercial interest would be likely to influence the research. The study, therefore, gets several direct``Yes'' answers to checklist questions and a couple of qualified``Yes'' answers with respect to purpose. The clinician is at least alerted to the issues ahead in terms of applying any findings to practice.
2. Experimental design. The experimental design is thoroughly described, as are several relevant precautions against introducing extraneous variables. The study earns many``Yes'' answers to checklist questions and the clinician knows clearly what is being tested and how to replicate the testing situation.
3. Sample-size determination. No information is given regarding the means of determining the sample size of 24 infants. This omission earns the study a large``No'' and throws both validity and reliability into question. The author describes several conditions that could influence crying (the outcome measure) during the halfhour before a scheduled feeding (the test period). These conditions are varying times since birth coupled with varying amounts of sedating maternal medication during labor as well as varying feeding substances (e.g., sterile water, breast milk, or canned milk). These conditions could affect an infant's hunger, arousal, and receptivity to being quieted from crying during the testing period. Controlling for one or more of these preexisting conditions as well as a pilot study of the outcome measure could have been used to determine a sample size sufficient for the desired level of significance. As it is, however, the reader must consider that the results could be due to chance.
4. Description and suitability of subjects. Although the conditions that could affect the outcome variable are discussed, there is no description of the experimental and control groups with respect to them. The outcome measure (crying and the cessation of crying) is subject to influence from possible sedation and degree of hunger. At least the reader knows that all subjects were healthy term newborns within the first 4 days of life. Again, the possible interfering conditions are well described so that the clinician may be able to judge whether the study infants are representative of the infants in the reader's own nursery. As the study subjects are all hungry, healthy, term infants the results cannot be generalized to other types of infants crying for other reasons. Finally, the reasons for excluding subjects are well described (i.e., self-quieting by sucking a fist and failure to cry). Therefore, the study has earned several strong``No'' answers as well as one strong and several weak``Yes'' answers. The reader is again left with the possibility that the results could be due to chance.
5. Randomization and stratification. It would have been possible to select subjects randomly and to assign them concurrently to the experimental and control conditions. Had the author done this and also excluded babies whose mothers had received medication during labor and who were not receiving a specific feeding, the validity of the study would have been greatly improved. In fact, however, the author chose a convenience sample of babies available in the nursery at a particular time. The study, therefore, earns several key``No''s. Data are collected prospectively (a strong``Yes'') but there is no stratification to control for maternal medication or type of infant food. On balance the study retains the same problems identified above.
6. Comparison and control groups. There is a control group, earning the study a big``Yes,'' but the method of making the assignment to either experimental or control group is not clear. Given the nature of the outcome measure, the reader can probably assume that honest errors in group assignment have little influence on the outcome.
7. Procedure for administering the treatment or test. There is no mention of informed consent; however, this may not have been a requirement in Australia in the 1970s. One assumes that the sound level of the stimulus was measured at the infant's ear but this was not stated explicitly.``Crying'' is not clearly described in terms of behavioral state or some other criteria. In most respects, however, the procedure is very well described earning the study many``Yes'' answers to the evaluation checklist questions and leaving the reader clear about what happened during the testing session.
There is, however, one common and serious methodological flaw that would limit application of the findings to practice; the stated ambient room noise appears to be an average of sound levels. A mathematical average of decibel measurements greatly underestimates the typical sound levels. (For a complete discussion of the error in averaging nonlinear numbers see Gray. 17 ) As written, the stimulus was moderately loud at 74 dB-A against an erroneously averaged and, therefore, artificially quiet ambient room sound of 46 dB-A, making the stimulus about eight to sixteen times as loud as the erroneously reported background. Should the clinician try to replicate this difference in applying such a stimulus to a hospital nursery with typical background levels of, say 75 dB-A, the stimulus would have to be at 105 dB-A or near the pain threshold. Most likely the background levels in the testing room were higher and the difference between the ambient and stimulus levels less, but there is no way for the reader to know from the information given. The author also mistakenly averages peak cry intensities but these are not relevant to the results. Such averaging, however, lends support to the assumption that the levels of the testing room were reported erroneously.
8. Blinding or masking of investigators. The person making the group assignment had access to all of the babies' records, observed the babies before or during assignment, and also administered the test. As she was not masked, the study results could have been manipulated for example by assigning infants who were crying most urgently to the control group and those who were crying less urgently or only slightly to the experimental group. This flaw could have been overcome by a random assignment by hospital ID number, for example. Additionally, the investigator could have selectively eliminated subjects during testing for one of the exclusionary behaviors by being more stringent with control group babies. This problem could have been avoided by having the observer wear sound excluding earplugs and ear covers and an assistant select either the experimental or control stimulus.
9. Subject attrition. Subjects who began sucking before or during the trial were excluded again by the investigator who knew their group status. The exclusionary criteria are reasonable but the problem, again, is the unmasked investigator. The number of excluded subjects is given but their data and the effect of their loss from the sample are not analyzed. The study receives both``Yes'' and`N o'' responses on this item and is again in jeopardy of invalid or unreliable results.
10. Evaluation of the treatment. The study receives``Yes'' answers to many questions in this category. Cost data are not included but this is not a relevant item for an exploratory study such as this one. No negative or long-term consequences of exposure to the stimulus are considered. This appears not to be relevant to the purposes of the study, but would need to be determined before adapting this stimulus for clinical practice.
11. Presentation and analysis of the data. The study earns a``No'' for clear presentation of data. One table is used to present data for both initial comparability of groups and for results. Group labels are omitted although the reader can figure out which numbers represent which group by comparison of means with the text. There is a mistake or typo in one of the less important averages. The table does not give descriptive measures but it gives the raw data so that one could calculate these if necessary. The author chooses a fairly restrictive significance level of p0.02 without offering an explanation thus showing conservative analysis. However she also uses a liberal one-tailed test of significance, apparently convinced that the stimulus could have only a one-direction effect of stopping crying.
12. Recommendations. Fortunately, the author does not make recommendations for practice, but uses the results to conduct a further experiment. This appears to be an appropriate use of the results in terms of the purpose of the study and earns a solid``Yes.'' On balance, the strong feature of this study is the clear description of the methods for presenting the sound and for judging its immediate effect on infant crying. A clinician could start from this methodology to devise a clinical project to evaluate the effect of the stimulus further. Additional studies with appropriate controls for potential investigator bias, a larger and more representative sample, and follow-up data on behavior state control and other possible sequelae would be necessary before employing this means of stopping crying in a clinical setting.
